Leaves of Kalanchoe and Bryophyllum and of other plants which exhibit the essential features of Crassulacean acid metabolism are able to fix, in the dark, considerable amounts of CO2 into carboxylic acids (11, 12, 13) and the acid which accumulates is normally very largely malic (20, 7, 6) . When the products of fixation over the course of a few hours are studied by the use of C1402, varying but usually small proportions of the C14 incorporated appear in compounds other than malate. Among these are aspartic and glutamic acids, and alanine (14, 15, 13, 10) .
and the acid which accumulates is normally very largely malic (20, 7, 6) . When the products of fixation over the course of a few hours are studied by the use of C1402, varying but usually small proportions of the C14 incorporated appear in compounds other than malate. Among these are aspartic and glutamic acids, and alanine (14, 15, 13, 10) . The discovery of phosphoenolpyruvic carboxylase (1) and, more recently, its demonstration in leaves of Kalanchoe and other Crassulacean plants (9, 16) have provided new information about the actual mechanism of dark CO2 fixation, and it now seems reasonably certain (9, 17, 18 ) that the synthesis of oxalacetate by this enzyme must be an important step in the dark CO2 fixation and the resulting acidification in such leaves. 'Malate would then be produced by the rapid reduction of oxalacetate (OAA) by the active malic dehvdrogenase present (17) .
In an examination of the products of a 6-second exposure of young Bryophyllum leaves to C1402 in the dark, Saltman et al (9) found that malic acid contained most of the isotope. The only other product detected was aspartate. From this and other evidence they concluded that the first product of the CO2 fixation was in fact oxalacetate, and that the malate and aspartate were secondary products arising from redluction andl transamination, respectively, of the OAA. Labelled alanine and glutamate appearing among the products of longer periods of C1402 fixation were attributed to transaminations involving labelled pyruvate and a-oxoglutarate derived from the OAA (10) .
The present paper re)orts the occurrence of glttamic-aspartic and glutamic-alanine transaminases in cell-free extracts of mature leaves of Kalanchoe crenata, and that the former enzyme can be linked with 1 MATERIALS AND MAIETHODS Leaf extracts were prepared from fully matured leaves of Kalanchoe creniata by a method which lhas been described previously (17) . To phy the radioactive products were malate and aspartate (fig 3 c) . The C14 content of the malate was about 10 times that of the aspartate. The simplest explanation of this result is that the OAA synthesized by the carboxylase served as a substrate for both the dehydrogenase and the transaminase in the plant extract. In fact the reaction mixture used in the above experiments appears to constitute a cell-free model of young Bryophyllum leaves (9) to the extent that the same products, namely malate and aspartate, are labelled in a short period of C1402 fixation. M\oreover, the distribution of isotope between the compounds is similar.
GLUTAMIC-ALANINE TRANSAMINASE: Evidence of the presence in the leaf extract of an enzyme transferring, directly or indirectly, amino groups from glutamate to pyruvate to form alanine was provided in an experiment in which the leaf extract was incubated with pyruvic acid (3-C14) and glutamate for 30 minutes at 250 C. The reaction mixture was then chromatographed in two dimensions with added carrier amino acids including aspartic, glutamic, and alanine. A radioautograph of the developed chromatogram showed only one active area which corresponded exactly ith the location of alanine (see fig 4) . has, however, been suggested (10) that if OAA is converted to malate, and the malate is in equilibrium with fumarate under the influence of fumarase, the malate and oxalacetate would eventually acquire label in both carboxylic groups; consequently pyruvate produced by decarboxylation would also be labelled. For mature Kalanchoe leaves, the rapid production of labelled pyruvate can be explained more directlv. Bradbeer et al (3) have noted that in these leaves the malate synthesized from C1402 always contains only about two thirds of the isotope in the f3-carboxyl, the remaining one third being in the a-carboxyl group, whatever the period of exposure to the gas. As a result of this apparently constant distribuition, they have suggested that the PEP precursor of malate is itself labelled before the further incorporation of C1402 to yield oxalacetate. The PEP, so formed, could then give rise to labelled pyruvate by the action of one or more of the enzymes, pvruvic kinase, phosphoenolpyruvic carboxylase, malic enzyme, malic dehydrogenase, as indicated in the scheme outlined below. With 
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A previous report from this laboratory (4) showed that the methyl group of methionine can be transferred as a unit to form methyl esters of pectinic acid in radish plants. That study has now been extended, in the present work, to examine other compounds which have contributed to the "one carbon" pool in animal and plant metabolism and may also be introdluced into pectinic acid methyl esters in the radish plant. Included in the group of methyl precursors teste(l were glycine, serine, formate and formaldehyde.
MATERIALS AND METHODS PREPARATION OF RADISH PLANTS: The radish plant, Raphanus sativus, var. Comet, was used throughout the present work. Seeds were sprouted on damp cheese cloth and grown in constantly aerated Hoagland nutrient solution (1) following the procedures used by Sato and co-workers (4). When the enlarged hypocotyl and upper root, hereafter referred to as the "radish," had developed to about 1.0 to 1.5 cm diameter, which generally took 5 to 7 weeks depending on the time of the year, the plant was considered to be ready for the feeding experiment.
ADMINISTRATION OF LABELED COMPOUNDS: Glycine-2-C14, DL-serine-3-C14, sodium formate-C14 and formaldehyde-C14 were fed to separate groups of 1 Received January 23, 1958. 2 These studies were supported by grants from the Atomic Energy Commission and the National Institutes of Health. 3 Presented in part at the meeting of the Federated Biological Societies, Chicago, March 1957. radish plants in the nutrient solution. These compounds had been shown to be readily absorbed by various plants through the root system. The plants were placed individually in 100 ml wide-mouth cylinders which were wrapped with black paper to shield their contents from light. On the first day of a 9-day feeding period, each plant received 0.0134 millimoles of radioactive compound having 6 .09 x 104 counts per minute. At the end of the 9-day period, the plants were harvested and pectinic acid was isolated from each group of radishes using the method of Kertesz (2) .
The incorporation of carbon-14 in the methyl ester group was ascertained by demethylation of peetinic acid as described by Sato and co-workers (4). In the demethylation procedure the methyl esters were hydrolyzed, and the resulting methanol then converted to BaCO3. Experiments indicated that no scission of S-methyl, N-methyl or methyl ether groups occurred under the conditions of the demethvlation procedure. Although no test for puirity of the pectinic acid was carried out, the assumption was made that only methyl esters of pectic substances were hydrolyzed and that possible contaminants, such as protein, yielded no methanol in the procedure.
All radioactivities were measured with either the end-window Geiger-MIuller tube or an internal flowtube. The efficiency of the end-window tube as used was 2 %, and the other 20 %.
RESULTS
The radioactivities of pectinic acid isolated from different groups of plants administered various radio-
